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Moaudukanys MOBEpXHOCTH CIUIABOB HA OCHOBE HUKEU/1a TUTaHA, 00JIaatolUX BHICOKUMU
(GYHKIMOHATBHBIMHU XapaKTEPUCTHKAMU CPEAN MaTepHajIoB ¢ 3(p(PEeKTOM MaMaTu GOPMBI, OTHOCITCS
K YHCIly NEepCHEKTUBHBIX HANpaBJIEHUH MPOMBIIUIEHHOTO MaTrepuaigoBefieHus. B MUKpo-3iekTpo-
MEXaHUYECKUX CHCTEMax IIMPOKO MPUMEHSIOTCS aKTyaTophl Ha 0a3e TOHKHX IUICHOK/JIEHT W3
MaTepHaioB C TEPMOMEXAHMUYECKOW MaMATBIO, MEXAHWYECKME M HKCIUTyaTallUOHHbIE CBOMCTBA
KOTOPBIX CHUJIbHO 3aBUCAT OT CTPYKTYPHOT'O COCTOSIHUSI IOBEPXHOCTHBIX clloeB. Kak moka3bpIBaoT
pe3yiabTaThl HeJaBHUX HccieoBaHui [ 1, 2], mepcreKTUBHBIM CIIOCOOOM YIyUIIEHUS! YCTaTOCTHBIX
XapaKTEPUCTHK TPAJAMIMOHHBIX KOHCTPYKIMOHHBIX ciuiaBoB Ha ocHoBe Al, Ni, Ti, a Ttakxe
(GYHKIMOHANBHBIX CIIaBOB Ha ocHOBe TINI siBisieTcst GOpMUpPOBaHKUE HA WX MOBEPXHOCTH TOHKHX
(ot 200 HM 50 1 MKM) aMOp(HBIX MOKPHITUI. MexaHWYecKOe MOBEACHHUE CUCTEM «aMopQHas
IUIEHKA/TIO/I0KKa» B YCIIOBUSAX IIMKJIMYECKUX UCTIBITAHUH onpeensiercs GU3nyecKMMH CBOMCTBaAMU
HAaHOCHMOU aMOp(HO TUICHKH (TONIIUHOM, COCTABOM, TBEPJAOCTHIO U IUIACTHYHOCTH) H aJIFe3UeH C
MaTepuajioM IMOJJIOKKH. B 3TOl CBs3u yBenMueHUe TOJILIMHBI HAHOCHUMOM IUJICHKH MPUBOIUT K
KaTacTpo(huuecKoMy CHIDKEHHIO aATr€3MOHHBIX CBOMCTB M K €€ OTCIIOCHHUIO TPU 3HAKOIIEPEMEHHBIX
Harpy3kax. PajiukanbHBIM pelieHrneM npoOaeMbl ClaObIX aare3MOHHBIX CBOWMCTB SIBISIETCS CHHTE3
aMOpP(HBIX TOBEPXHOCTHBIX CIUIABOB Ha moBepxHOCTH TINi, OCHOBaHHBI Ha NPHUHIUIAX
aJIMTUBHBIX TexHoJoruil. Tak, B pe3ysbTare CHHTE3a BbICOKOJIETMPOBAaHHBIX TOHKHUX (10 1-2 MKM)
MIOBEPXHOCTHBIX CIUIaBOB, (OpPMUPYEMBIX MyTeM KHUAKO(A3HOTO IEPEMEIINBAHUS CUCTEM
«TUTCHKA/TIO/ITIOAKKAY» DIIEKTPOHHBIM ITyYKOM, MEXKIy CHHTE3UPOBAHHBIM CJIOEM M TIOJIOKKOM
oOpa3yroTcst rpaHullsl pasjena aupdysuonnoro tuma [3]. MOXHO 0XHJaTh, 4YTO BBICOKas
KOT'€3MOHHAsl MPOYHOCTh CILETJICHUS HAIUIaBIsEMOM IUIEHKH OyAeT NPUBOAUTH K MOBBILICHHUIO
YIPYrOIUTACTUYECKUX ~XApaKTEpUCTHK MOATIOXKKHU. Llenpto paboThl sBiIsETCSs HCCIEeI0BaHUE
CTPYKTYpbI aMOpHBIX MoBepXHOCTHBIX Ti-Ta-Ni cruiaBoB, CPOPMUPOBAHHBIX ITyTEM HUMITYJIbCHOTO
AIIEKTPOHHO-TYYKOBOTO TUIaBieHus cucteM «Ti-Ta mienka/moamoxka TiNiy».

Meroauka GOpMUPOBAaHUS TTOBEPXHOCTHBIX CIUIABOB Ha mosioxke TiINI geTanpHO onucaHa B
pabote [3]. OTMeTHM, YTO MOJUIOKKA IpeacTaBIsuIa co0oii mpombinuieHHbIH crtaB TiNi mapku TH1
(OO0 «MATOK-CII®») 5kBHaTOMHOIO COCTaBa, a B KaUeCTBE JIETUPYIOIIEeH IJIEHKH Obljia BbIOpaHa
TisoTaso (at. %) mienka tonuaol 50 1 100 HM. IMIynbCHOE IJIaBI€HHE HU3KOIHEPTETUUSCKUM
CHJIBHOTOYHBIM 3JIeKTpoHHBIM mydkoM (HCOII) cucremsr «Ti-Ta rtuienka/momiokka TiNi»
ocymectBisui Ha yctanoBke PUTM-CII (Mukpocmnas, Poccusi) B AByX pekuMax: MakCHMallbHas
SHeprus >1eKTpoHoB 17 k9B, muotHoCTs sHeprum Es=2+0.2 JIx/cmM?; uncno uMmynscos N=5 u 10,
yucao nosropeHuit N=20 u 10, cOOTBETCTBEHHO. DIEKTPOHHO-MUKPOCKOIMYECKUE HCCIEeI0OBAHUS
MPOBOAMJIMCH Ha MMPOCBEYMBAOIIHMX AICKTPOHHBIX MUKpockonax (II9M) JEM-2100 (JEOL, Smonus)
u JEM-2100F (JEOL, Smonus) npu yckopsitomeMm Hanpspkerun 200 KV. Tonkue ¢onbru mis
UCCIICIOBaHHI B TEOMETPUH «Cr0SS-SeCtiony ObLTH MPUTOTOBICHBI METOIOM HOHHOTO TPABJICHHS Ha
ycranoBke EM 09100IS (JEOL, SAAnonust). DneMeHTHBIN COCTaB MaTepraia OMpeeisics ¢ TOMOIILIO
sneprogucrepcronroro  crnektpomerpa (DJC) INCA  Energy (Oxford Instruments,
BenukoOpuTanus), yCTaHOBJIEHHOTO Ha MTPOCBEYMBAIOIIEM AJIEKTPOHHOM MHUKPOCKOIIE.

AHanmM3 3JIEMEHTHOTO COocCTaBa Mo TiayOune, momydeHHbd metomoMm JDJIC/IIOM mokazan,
MOBEPXHOCTHBIE CILIaBbl, CHOPMUPOBAHHBIE B JIBYX pEeXHMMaX, XapaKTepU3YIOTCS IUIaBHBIM
TG y3NOHHBIM TEPeXOJ0M OT JIETUPOBAHHOTO CJIOSI K TMOMJIOKKE M KOHUEHTPAMOHHBIM
rpaaueHToM: TisoNiss+xTaisx (X=0-8 ar. %) u TisoNizo+xTa20-x, (x=0—10 at. %). [Ipu pacuerHOU
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TOJIIIUHE
1-1.5 mxm HamaBnsiemoit Ti-Ta MJICHKH CPeHUE COCTABbI MOBEPXHOCTHBIX CILIABOB COCTABIISIOT
TisoTaisNiss u TisoTaizNiss (at. %).

Hannune BBICOKOW KOHIIEHTPALMU HUKEJS B MOBEPXHOCTHOM CJIO€ U BBICOKHE CKOPOCTHU
3aKaJIKy paciasa npu oopadotke HCOIT ~ 4-108 K/c [3] cnoco6cTBOBANIM TOMY, B TIOBEPXHOCTHOM
cioe moBepxHOCTHRIX Ti-Ta-Ni crutaBax TtommuHON 10 2 MKM cdopMmupoBaiack amopdaas
CTpyKTypa. Ha 371eKTpOHHO-MUKPOCKOIUYECKUX H300paKeHUsAX HaOII0JaeTcs XapaKTepHbIM aiis
amopdHO# (a3bl AUCTIEPCHBINA aACOPOIMOHHBIN KOHTpAcT Thma «coib-niepen» (Puc. 1). Cormacuo
aHaM3y HaHoau(paKuil, XapaKTepu3yoIX aMOp(HYIO CTPYKTYpy Ha pa3iMyHON IIyOMHE OT
IIOBEPXHOCTH, pagnuychl TU(QY3HBIX rao CHIBHO Bapbupylorca 0=2.02+2.19 A. O6HapyxeHHbIE
3aKOHOMEPHOCTH B U3MEHEHHHU 3JIEMEHTHOI'O COCTaBa U pajnycoB AU(PQY3HBIX rajio Ha Pa3IUYHOM
yIJICHUU OT TIOBEPXHOCTH TOBOPAT O MEpepactpeesieHHH aTOMOB Ha NEPBO KOOPAMHAITMOHHON
chepe.

a

Puc. 1. CernononpsHble H300paxeHus aMOPPHOI CTPYKTYphl B TOBEPXHOCTHBIX CILIaBaX
cpeanero coctaBa TisoTaisNiss (a) u TisgTai7Nisz (0) (at. %).
BceraBku Ha (a, 6) — MUKpOu(PaKIIUK OT HAPYKHOTO aMOp(HOTo ci10s

KonnuecTBeHHbIE JaHHBIE O MapaMeTpax TOMNOJOTHYECKOT0 W XHUMHUYECKOI0 aTOMHOTO
OMKHEro mopsiika B amMop@HON ¢a3e ObUIM IMOJIydyeHBI C TMOMOUIbIO IMOCTPOEHUS (YHKUUH
paauanbHOro pacnpeaeneHus atomoB G(r) mo gaHHbIM HaHOAMMpakuii. C TOMOIIBIO CTPYKTYPHOI
MOJIeJH, MPeJUI0KEHHON B padoTte [4], OblIO MOKa3aHO, YTO TOMOJOTHYECKUH OJIMKHUNA MOPSIOK B
amMmopQHBIX  MOBEpXHOCTHbIX Ti-Ta-Ni  cmjaBax  XOpOIIO  OMMCHIBAETCS  CTPYKTypaMu
KOOPIUHAITHOHHBIX MHOTOrpaHHuKOB (KM) Ha ocHoBe uHTepMetautnueckux das TioNi u B2(TiNi).
[Ipy >TOM OCHOBHBIMHM THIIAMU KJIACTEPOB B CTPYKType aMOpP(HOro MOBEPXHOCTHOIO CILJIaBa
BeicTynatoT KM, xapaktepHbie 11 a1eMeHnTapHoi siueiiku Ti2Ni: ukocasap TizNie u kiactep TiziNia.

Pabora BemonHeHa npu ¢uHaHcoBoM mnopaepkke PH® B pamkax HaydHOro mnpoekTa
Ne 18-19-00198 (ot 26.04.2018).
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